Aims To measure the milk to plasma ratio (M/P) of quinapril and its active metabolite quinaprilat in lactating mothers and to assess likely infant exposure. Methods A single dose of quinapril 20 mg was administered to six healthy mothers who had been breastfeeding their infants for at least 2 weeks. Blood was sampled for the measurement of quinapril and quinaprilat at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16 and 24 h. Milk was collected for measurement of quinapril and quinaprilat concentrations over the periods x4±0, 0±4, 4±8, 8±12, 12±18, 18±24 h. The areas under the plasma and milk concentration-time curves were estimated and an M/P ratio derived for both quinapril and quinaprilat. Results The M/P ratio for quinapril was 0.12 (95% CI 0.09,0.14). No quinapril was detected in milk after 4 h. No quinaprilat was detected in any of the milk samples. The estimated`dose' of quinapril that would be received by the infant was 1.6% (95% CI 1.0,2.2) of the maternal dose, adjusted for respective weights. Conclusions Quinapril appears to be`safe' during breastfeeding according to conventional criteria, although as always, the risk:bene®t ratio should be considered when it is to be given to a nursing mother.
Introduction
Quinapril is a nonsulphydryl angiotensin converting enzyme (ACE) inhibitor which is de-esteri®ed in vivo to the active diacid metabolite quinaprilat [1] . It is used in the treatment of hypertension and heart failure. As with the other ACE inhibitors, quinapril might be used in mothers who are breastfeeding their children. Therefore, it is important to know the amounts of quinapril and quinaprilat that pass into human milk so that some assessment can be made of the risk to the suckling infant. The best index of the amount of drug that passes into human milk is the milk to plasma ratio (M/P) based on the area under the concentration-time curves (AUC) of the drug in milk and plasma. From this, the potential dose received by the infant can be calculated, and compared with the maternal dose, correcting for respective body weights.
The aim of this study was to assess the M/P AUC for quinapril and quinaprilat in women who are breastfeeding, and to assess the likely infant exposure.
Methods

Subjects
Subjects were recruited if they were actively lactating for more than 2 weeks postpartum, aged 18±45 years, in good health as determined by medical history, physical examination, electrocardiogram and standard laboratory measurements, and using reliable contraception. The mothers had volunteered for the study on the basis that they were to stop breastfeeding at the time of the study, and that breast milk during and following the study would not be fed to their infants. Exclusion criteria included history of signi®cant chronic disease, angioedema, alcoholism, drug abuse, use of medication other than contraception during the 2 weeks prior to the start of the study, pregnancy, blood donation within 1 month prior to the start of the study or history of sensitivity to quinapril or other ACE inhibitors. The study was approved by the Canterbury Area Health Board ethics committee and written informed consent was obtained from each participant.
Drug dosage and administration
Each woman received one 20 mg tablet of quinapril orally at around 09.00 h on the day of the study. The exact time was noted.
Blood and milk collection
Blood was sampled via an indwelling catheter until 12 h and by venepuncture thereafter for measurement of quinapril and quinaprilat concentrations. Samples were taken just prior to the dose administration, and again at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16 and 24 h after tablet intake. All the milk from both breasts was expressed by electric or manual breast pump over the periods x4±0, 0±4, 4±8, 8±12, 12±18, and 18±24 h after drug dosing. A sample of milk was retained from each expression for measurement of quinapril and quinaprilat concentrations and the remaining milk was discarded. For both blood and milk samples, exact times were recorded if they were different from those in the protocol. The samples were stored at x80uC then sent in bulk under dry ice to Ann Arbor, Michigan for analysis.
Analytical methods
Quinapril and quinaprilat were assayed in plasma using gas chromatography with electron capture detection. Details of the method and its precision have been given previously [2] .
The method for determining quinapril and quinaprilat concentrations in human breast milk was validated for a range of 5±1000 ng ml x1 using a 1.0 ml sample. Three eight-point standard curves were generated on each of 3 separate days. Quality control samples were prepared at three levels from spiked pools of human breast milk and assayed in duplicate with each standard curve. A 1.0 ml aliquot of each unknown, standard and quality control sample was taken and the pH was adjusted. After extraction, the sample was analysed on a gas-liquid chromatographic system with electron-capture detection. Method speci®cs were considered con®dential by the analytical contract laboratory.
The percent error for the mean of the standard values at the lower limit of quanti®cation (5 ng ml x1 ) was 2.0% for quinapril and 4.0% for quinaprilat, while the percent coef®cient of variation (CV%) was 3.2% for quinapril and 5.1% for quinaprilat. The CV% across all levels of the standard curve was 3.7% for quinapril and 4.3% for quinaprilat. Quality control sample CV% did not exceed 5.2% and averaged 2.7% and 5.0% for quinapril and quinaprilat, respectively.
Stability of quinapril and quinaprilat was established through three freeze/thaw cycles and for 8 days at room temperature.
The recovery of quinapril, quinaprilat and the internal standard extracted for breast milk could not be done because of the nature of the assay.
Pharmacokinetic analysis
The area under the plasma concentration vs time curve from zero to in®nity (AUC(0,?)) was calculated for both quinapril and quinaprilat using the linear trapezoidal rule for the ascending part of the curve and the log-linear trapezoidal rule for the descending part of the curve. An estimation of the terminal elimination rate constant (l z ) was made using linear regression of the visually determined postabsorptive elimination phase, to enable extrapolation of the AUCs from the last measurable point (C last ) to in®nity (i.e. C last l z x1 ). The AUC for milk was calculated using rectangular areas (sum of concentrationsrcollection times).
Results
Six healthy women volunteers, aged 25±32 years (mean 29), and weighing 57±105 kg (mean 76) participated in the study. Four women (subjects 1±4) were taking norethisterone 0.35 mg daily at the time of the study. Subject 4 was also using clobetasol 17-propionate topically and subject 6 required two 1 g doses of paracetamol within the 24 h study period. The breastfed infants were aged from 16 weeks to 9 months.
The mean results for quinapril and quinaprilat in plasma and milk are shown in Table 1 .
Quinapril concentrations in plasma fell to below quanti®able limits (5.0 mg l x1 ) by 6 h post dose in all mothers. Quinapril concentrations were only detectable in the milk samples from the ®rst postdose collection period (0±4 h) (Figure 1 ). In one volunteer (subject 3), there was no quinapril detected in milk at any stage. For the purposes of calculating the mean results and the M/P ratio, this subject was assumed to have concentrations equal to the limit of quanti®cation (i.e. 5.0 mg l x1 ). This allows for aǹ at worst' estimation of the M/P ratio.
Quinaprilat concentrations in plasma were detectable in all subjects up to 12 h, in three of the six at 18 h, and in none at 24 h. Quinaprilat concentrations in milk were below the limit of quanti®cation in all subjects at all time points.
The M/P AUC ratio for quinapril was 0.12 (95% CI 0.09±0.14). For quinaprilat an M/P AUC ratio of <0.03 can be calculated if concentrations were assumed to be at the limit of detection (5.0 mg l x1 ). This is an`at worst' situation.
Five of the six subjects had side-effects that may have been related to quinapril. Subject 1 fainted brie¯y, subject 4 developed hypotension (systolic blood pressure <85 mmHg), subject 5 developed fatigue, and subjects 3 and 6 had headaches. These side-effects were signi®cant but were not unexpected given that 20 mg is a high starting dose' for quinapril. Initiation of quinapril would normally be by gradual titration.
Discussion
These results indicate that quinapril administration to a lactating mother is unlikely to cause problems in a suckling infant. The mean dose of quinapril received by the infant over 24 h is 27.9 mg for each litre of milk ingested.
Assuming a maternal weight of 70 kg (and therefore a dose of 0.28 mg kg x1 ) and ingestion of 150 ml kg x1 day x1 of milk, this represents 1.6% (95%CI 1.0,2.2) of the maternal dose, corrected for respective body weights. This is well below the 10% level that is conventionally considered as a`safe' cut-off [3] . Furthermore, since there was no quinapril detected in the milk after 4 h, feeding just prior to, or greater than 4 h after maternal dose ingestion can increase the safety margin.
The active metabolite, quinaprilat was not able to be quanti®ed at all, indicating that the maximum dose of this that an infant might receive over 24 h is less than 5 mg for each litre of milk ingested. Assuming complete conversion of quinapril to quinaprilat, this dose is less than 0.26% of the maternal dose, adjusted for body weight. This is a negligible burden for the infant, and as quinaprilat is the acid salt of quinapril, it is likely that it would be poorly absorbed following oral ingestion.
To our knowledge, there have not been any other studies investigating the safety of quinapril during breastfeeding. Three studies have investigated the transfer of other ACE inhibitors, captopril [4] and enalapril [5, 6] into breast milk. The results of these studies suggest that the infant dose for both drugs is likely to be <1% of the maternal dose, when adjusted for the difference in body weight. Therefore, the results of the current study are consistent with those of other ACE inhibitors. A potential limitation of this study is that it was a single dose study. However, following multiple doses of quinapril there is little accumulation of quinapril and quinaprilat in plasma. Our results and the principles of diffusion suggest that it is unlikely that accumulation in milk would occur during chronic administration. This does not exclude the possibility of accumulation if excessive doses are used in renal dysfunction.
Taken together, these results suggest that quinapril can be considered compatible with breast-feeding, according to conventional criteria. However, the effect of very small doses of quinapril on the developing infant remain unknown, and it would be expected that quinapril converts to the active quinaprilat in the infant. This should be taken into account along with all other considerations related to risk-bene®t assessment in any decision regarding breastfeeding during quinapril administration.
